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(g) Porous lanthanum manganHe aintarad bodies and aolM oxkle fuel cella. 



(g) A porous sintered txxjy is composed mainly of lanthanum manganlta in which a part of lanthanum 
atoms at A-sites of the lanthanum manganite are sut>stituted by atoms of a metal selected from the 
group consisting of alkaline earth metals and rare earth metals. 
The dimensional shrinkage amount of ttie porous slnfeeied body in heat cycling 
ten^perature and 1,000^0 is not more than 0.01% per one heat cyde. 
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THq prooont Invontion rGlQtoo to porouo lanthonum mongonlto olntcrod bodloo ond colld oMq htcH cdto 
uQlng ouch porouo olntGrod bodbo oo iriotQriolo for oir doctrodoo. 

Sinoo tho odid o»ido fud cdio (°SOFCo) oporeto ot o high IcmpGroturo of oround 1,000^, on docSrodo 
rooction to ovtromofy DcdvQ, and tho SOFCo noed no roWq motcJ cotdyot ouch oo plotlnum ol dl. Further, thoir 
s pdorizotton to iovt, ond output vdtcigQ b relothfely high. Thuo. o onofgy-oonvcrting off (doncy to fior grootcr oo 
comp&rod tAfith other fuol coOo. In oddition, otnoo dl tho conotituont motGi^ cto cdEd, tha cdtd ostds fud odi 
to otatrio ond hoo q long Itfo. 

In cjdQf to dovdop SOFC3. It is bnportfint to look for matoridQ otolrio ot high tomporotuToo. Ao o motcrid 
for thQ dr doctrodQa, olntored^trndtoQ of lanthanum manganttQ eiro conotdorGd pTomtoIng (Energy Goncrd En- 
10 gineorlng. 13. 2. pp 52-68. 1G80). Aa ouch lonthanum nangantto dntered bodbo. lanthanum mongonito dn- 
tered tsodloo having a 8ut>8tantidiy otdchtomstrfcd oonnposltion and lanthanum nr^ngan^ olntcrod fi)odlQ0 tn 
^Ich a part of A-sitod (lanthanum-dtGO) ars missing (ntanganGoorlch composltton) ars Ctno^. It b roportod 
that the vyolght of tho lanthanum mangantto sintsrsd body In vyhlch a part of tho A-sltea aro mtodng decroooos 
whon the tomperaturQ Is raised from room tomporatuiG to 1.000*C (J. Etectrocham. Soc 138, 3, pp 1919 to 
fd 1523. 1991). In thto case, tho vnoiQhX of tho sintersd body begins to decreaso from near eOI^C 

In p8rtk:ular, porous dntorod bodies composed d lanthanum n^nganite doped t^th Co or Sr at A-oitos 
are regarded promising as materids for air dectrodes invdving odf-supporting type air dec^xnle tubes. 

Hovyever, the present inventors first found out that such porous sintered bodies have the foUo^ing prob- 
lems. 

20 That to, ft was made dear thd when the above SOFC is subjected to heating-coding cyding between q 
temperature range of 900 to 1 .100 in which the SOFC generates power and a temperature ror^e of room tem- 
perature to ^O^C. crac&dng occurs between the air dedrode tube made of the above porous otnteied body 
and other constituent materids of a odi unit, which n^y resdt in fracture of the odl unit However, even when 
such a cdl unit is operated at 1 .CCMW fbr a long time, the above cradctng did not occur ®t dl. Therefore, it fs 

25 considered that this phenomenon is caused not by QhrinCtfi^ge of the alMive porous sintered body dt^ring the 
firing but by the dimensiond change during the heat cyding. 

It is an object of the present invention to afford stability against the above heat cyde upon porous ointercd 
bodies of lanthanum manganite. 

A first asped of the present invention rdates to porous sintered tmdtes comprising lanthanum mar^anite 

30 In which a part of lanthanum atoms at A-sites are substituted by atoms of a metal sdected from the groups 
consisting of dkdine earth metals and rare earth metds, wherein a dimensiond shrinEuoge amount caused by 
heat cyding between room temperature and 1,000°C is not more than 0.01% per one heat cyde. 

Through the specification and daims of this applicatbn. the term "atoms of a metal sdected from the 
groups consisting of dCcaline earth metds and rare earth metds" nrteans atan^ of a metd which sutistitute for 

35 a part of lanthanum atoms at the A-sites of the lanthanum manganite, and such metds include scandium, ytt- 
rium, cerium, praseodymium, neodyomium, promethium, samarium, europium, gaddlnium. tert»um, dyspro- 
sium, hdm^m. erbium, thulium. yttert>ium. lutetium, cddum, strontitim, barium, and radium. 

Stability of a porous sintered bodies of lanthanum manganite doped with Ca. Sr or the like at A-sites was 
examined by subjectir^ the porous sintered bodies to heating-coding cydlr^ between 900^C and 1 ,1 OO**^ and 

^ between room temperature and 600*>C. As a resdt, it was rsveded that the porous sinterad bodies were shrunk . 
in amounts of 0.01 to 0. 1 % per one heat cyde. In addition, it was also reveded t hat shrinC^age due to heat cyding 
is not converged even after heat cyding t)y 100 tones, and that ttte shrunk amount reaches as onudi as a few 
or several percentages. If an air dedrode shrinks like this, cracking occurs between the air electrode and o2hear 
constituent materials of the cdl unit, which may result in fracture of the cdl unQ. 

4S Based on the above knowledge, the present inventors further continued their rssearch, and consequentSy 
discovered that when the dimensiond shrinkage caused in the porous sintered body made of lanthanum mm- 
ganite by heat cyding between room temperature and I.OOO^'C ^ suppressed to not more than 0.01%, the 
above cracking wHI not occur between the air dedrode and the other constituent msitsrt&ls. 

Further, the present inventors have further gone ahead their rssearch on the mechanism l)y which dcmen- 

so siond shrinkage of the porous sintered t>ody In the above heat cyding oocairs. As a result, the inventors dis- 
covered that when a quotient obtained by dividing a weight of the porous sintered body at 1,000^ by that at 
room temperature is not less than 0.9988, the above dimensiond shrinkage is conspicuoudy suppressed. That 
is, when the porous sintered body is heated from room temperature to a hgh temperature around 1,000^, 
the weight of the porous sintered body decreases, and this weight decrease has dear oorrdattonship to the 

S5 dimensiond shrinkage in the heat cyding. 

The-mechanism of the above phenomenon is not dear at present However, when the tsmperahjre of the 
~sintereKr^yl5~raised from room temperature to around i.OOO^C, the weight of tTTep^xnis sintered ticdy dtght- 
iy decreases, whereas when the sintered body is cooled to room temperature ^ain. the weight is restcuisd. 
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Tho dbnonotondiy ohrunk emount of tho porouo ointorod body in tho obovo host cydirtg vcrioo oomGi;;/hot do- 
ponding upon tho pcrtido oizo of ayoUDlo conotitutbig tho ointorod body, trio hooting roto, tho coding mto ond 
tho partld prooouro of oxygon in tho hoot cydo. Thot io. It tyoo diooovorcd that oo tho cvyotdlino pcrttdo 6^ 
amotor docrooooo. oo tho hooting roto ond/ox oo tho coding roto docrooooo, ond/or oo tho porttd p^oouio of 

B oxygon In tho otmoophoro Incrooooo. tho dlnr>onolonoily ohrun!^ cmount of tho p09ouo ointorod body tncrooooo. 
In order to docrosoo tho dimonsionally ohrun!; omount In tho hoot cycling, it io proforablo to ouppiooo tho ovor- 
ego cryot&tlino partido diantotor of tho porous ointorod body to not looo thon 3 |im. 

In viovy of tho obovo, It Is prosumod thot oxygon comoo In or out of cryotols of lonthonum mongonlto in a 
tontporatuna range of SOOX or moro in tho above heat cyde. thG7iet>y csuoing change in t^eight of the porouo 

10 sintered t>ody. It is further considered that vifhen oxygen oomoo in or out of the crystals, crystotilne latttoos ore 
distorted, oo that nwterfals transf^ botvveon metallte atoms Is promoted, and tho sintering phenomenon of the 
porous body advances. 

Further, the present Inventors have advanosd their research, and consequently they dboovered thot there 
is a dear correlationship between an activating energy of an electric conductivity (hereinafter referred to as 

99 "activating energy**) of the porous sintered body and the dlnrtensional shrinkage In the above heat cydlng. The 
"activaUng energy" of the electric conductivity of tho porous olntensd body means a gradient of a straight line 
obtained by plotting the relation between the temperature and the electric conductivity In a ccordinatQ In ^teh 
the temperature and the electric conducthfity are taken along the at>8cissa and the ordinate, respecthfdy. That 
is, the follovvir^ has boon made dear through the formation of Arrhenhis plot diagrams over o vMa range of 

20 200^C to 1 ,000®C. Namely, it has been niade dear that the dimenoionol shrinkage proceeds in the heot cydlng 
in the casd of the porous sintered body In which the activation energy In the range of 200^ to deorly 
differs from that in the range of &00*'C to 1,000"^:. 

More spedf icdiy. It has been darif ied that U the difference between the activating energy in the range of 
200"C to 600*^ and the acth^ating energy In th'e rangelof'^KSr^^ at not ntore than 0.01eV, 

25 the dintensional shrinkage caused through heat cydlng between room temperature and I.OOt^C can bQ oup- 

pressed to not more than 0.01% per one heat cyde. 

The reason why the activating energy differs between in the range of 2CK>"C to 600*^ and in the rai^ of 
SOO^C to 1 ,000**C in this manner is not dear, but It is constdeied that this occurs through the distortion qH the 
crystalline lattices of the perovsWts structure when oxygen oomes in or out of the crystals during the heat cyde 

30 as mentbned alxyve. 

In order to suppress the difference between the activating energy in the range of 200X to and the 
activating energy in the range of SOOX to 1 ,000^ to not more than O.OIeV, or in order to oontrd the quotbnt 
obtained by dividing the weight of the porous sintered ttody at 1 ,000^C tiy that at room temperature to not Bess 
than 0.d988, it is effective that the substituting amount of calctum at the A-sites is contrdled to not less than 

35 25% and not more than 35% or the sut)stitutlng amount of strontium at the A-sites is contrdled to not tess than 
20% and not more than 40%. If the substituting amount of caldum at the A-sites is set at not more than 20% 
or If the substituting amount of strontium is set at not more than 15%, it is effective to sutistitute a part of man- 
ganese atoms at B-sites by a metal selected from the group consisting of aluminum, magnesium, cotMsSt and 
nickel. In this case, the substituting amount is preferably 2% to 20%, more preferably 5% to 20%. 

40 The feature that the dimensional shrinkage in the heat cydlng is not more than 0.01 % per one heat cyde 
means the average value of dimensional changes of the porous sintered body ot>served in a first tiesrt cyde 
to tenth heat cydlng after the porous body is sintered. 

Presence of inevitable impurities entering lanthanum manganlte during the produdi^ steps may be al- 
lowed in the porous sintered body according to the present invention. 

45 The porous sintered body according to the present invention nary ba preferiably used particularly as h^h 
temperature electrode materials stable against the heat cydlng. As such high temperature electrode materteSs, 
air dactrode materials for nudear fusion furnaces, MHD power generators, and the ISce may t^ recited. In par- 
ticular, the porous sintered bodies accordir^ to the present Invention nay be favorab^ used as ab- eSecbrodes 
for the SOFCs. In addition, the porous sintered tKKliss according to the present Invention are preferably used 

so as materials for self-supporting type atr dedrode substrates al^ functioning as substrate. 

Such an air eledrode substrate may be used as a support body of a unlX cell, and constituent parts such 
as a sdtd electrdyte film, a fuel electrode f Om, an interoonnector, and a separator are laminated on the air 
dedrode substrate. In this case, the air dedrode substrate may be shaped in a cylindricd form with opposi^ 
ends opened, a bottomed cylindrical form with one end opened and the other dosed, a planar form, or oSher 

55 form. Among them, either of two cylindrical form is particularly preferred, because no great thermal stress ^ 
difficult to ad thereupon and gas-sealing is easily effected. 

The porosity of the porous sintered body is preferably set at 5% to 40%. When the porous sintered body 
is used as a material for an air electrode in an SOFC, the porosity is more preferably 16% to 40%, most pre- 
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teratty 25% to 35%. When tho porosity of Iho air doctrwio lo oot Qt not looo than 15%. th© gao-dlffuolrtg ro- 
olotonco can bo roducod. tyhoroaa whon tho porooity b Duppreoood to not more than 40%, otrongth con bo 
nrtaintalnod to oonrid o»tont 

Whon tho pofouo Dlntorod body according to tho procont Invontton to uood oo tho nr^otGrtal lor tho ob doc- 
trodo In tho SOFC. tho ooaf ficlont of thGrmal Gnpanoton of tho porouo olntGrad twdy muot bo OQt to nocr thcoo 
of th© f Qmy odld ©!®ctnrfyto and th© filmy fuol ©JoctiodG. Whan tho aolld GloctraSytd fWm to formed from yarto- 
8tat>illzGd zirconia. In onJar to match the thoriral onpanoton t>©t%;foon tho air ©loctrodQ and th© adtd ©loctmlyto 
f Dm. th© 8ut)0titutlng amount <w calcium at A-oit©a In lanthanum manganft© is profsratriy 10% to 20%, tvhsToea 
th© 8ut>8titutlno amount of strontium at th© A-oltoo to p7ofG7at)fy 5% to 15%. 

In Japanaa© patent application L^id-open fSSo. 1-200,560. an e)ectrod© nutterial having a compoaftion of 
AMni..yByOsJn a p©TOW8kltQ.typ©.compo3lte.o^ 
him. 0 s H s 0.4. and 0 < y s 0.25. By using th® ©lectrcdo matexlaJ having such a composition, twiCty ©Jcctrtc 
conductivity (a) and tntorface elactarlc conductivity (oe) are ©nhancod to lower electrcde resistance and poiar- 
Izatlon potential. However, the protriem that the poraus sintered body to shrunk by heat cydbig as diacusasd 
in th© present invention is not recogniated at all In thto reference, and completely no motivation to matus tho 
sedlled person roach the Invention exists therein. Further, as to cloar from Examples of Japanese patent ®p- 
pltoatton Laid-open No. 1-200.560, the substituting antount of calcium at tho A-sites is 40% at the iraKtmum, 
and therefore the above electrode material to not suitable as an air electrode for an SOFC from the standpoint 
of the coefficient of thernrtal expansion. 

A second aspect of the present Inventton relates to porous sintered bodies mad© of lanthanum manganiio 
in which a part of manganese atoms at B-sites of the lant hanum manganite are substituted by atoms of at least 
one metal selected from the group constoting of aluminum, cobalt, magnesium and nic&cel, wherein a dtmen- 
8>o(^ shrinkage of the sintered body caused by heat cycling between room temperature and I.OOO^C to not 
"lfw*J^tfiafro:01%"p®r one heatq^a ' 

The present inventors has further advanced thofa- investigation on the problems of th© wo^ht roductton 
nd4he-dcmenstonal^hrinkage-in4he-heat-eycling as mentioned in connection with the first aspect of the pres- 
ent invention. As a result, the inventors have disoovered that the dimensional shrinkage in the above host cy- 
cling to conspicuously suppressed when a part of th© B-sites of lanthanum manganite constitutii^ the poTOus 
sintered body are substituted by aluminum, cobalt, magnesium or nickel. Thto mechanism to not dear. Ot to not 
dear, either, why only the metal atoms spedf led at>ove are efffiscthAS. 

The substituting amount at the B-sites of lanthanum nmnganite by atoms of at least one metal selected 
from the group of aluminum, cobalt, magnesium and nickel to preferably not less than 0.02% and not more 
than 20%. If the substituting anrtount to less than 0.02%, the shrinkage-suppressing effect to not remerkabJ©, 
whereas if the substituting anrwunt to more than 20%. the cosff idem of thermal eitpansion increaaos so that 
incompatibility occurs between the ztomia solid electrolyte and the air electrode, and the electric oonducthftty 
greatly decrease. 

Further, since lanthanum manganite nriay take a non-stoicheometrical composition, change in the compo- 
sition of lanthanum manganite resulting from inevitable impurities slightly entering during the producing steps 
of the porous sintered body may be also allowed in the second aspect of the present invention. 

The porous sintered txxiies according to the second aspect of the present inventton have the same uses 
as those of the porous sintered bodies according to the second aspect of the present Invention. 

The porosity of the porous sintered body accoTtJing to the second aspect of the present invention to pre- 
ferably 5% to 40%. When the porous sintered body to used as a material for an atr electrode in an SOFC, the 
porosity of the sintered body to more preferably 15% to 40%, most preferably 25% to 35%. When tho porosity 
of the air electrode to set at not less than 15%, the gas-diffusing restotance to reduced, whereas when the 
porosity to set at not less than 40%, strength ntay be maintained to some extent 

When the porous sintered body according to the second aspect of the present inventton to used as the 
material for the atr electrode in the SOFC. the ooeff tocsnt of thermal expansion of the porous sintered body 
must be set to near those of the filmy solid electrolyte and the filmy fuel electrode. When thto sdid electrolyte 
f Qm to made of ytbia-stabOized zirconia, in order to match the thermal expansion of the air electrode with that 
of the solid electrolyte f Qm. the substituting amount of calcium at A-sites of lanthanum manganite la preferably 
10% to~30%v whereas the substituting^ount of strontium at the A-sites to preferattly set at 5% to 20%. 

A third aspect of the present inventicm relates to porous sintered bodtos made of lanthanum manganite in 
which a part of lanthanum atoms at A-sites are substituted by calcium, and a substituting antount of caidum 
to not less than 25% and not more than 35% of the A-sites, wherein the dimensional shrinkage caused in heat 
cyding-between room temperature and 1,000**C to not more than 0.01% per one heat cyde.- 

Further, the third-aspect ofthe present invention also retotes to porous slntered bodies made of lanthanum 
manganite in which a part of lanthanum atoms at A-sites are substituted by strontium, and a substituting antount 
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of otronttum io not looo than 20% and not more than 40% of tho A-otoo. wherein tho dbnGnofono) ohrinhc^o 
enrtount couoQd In heat cycling t>Gtvyeon room temporcture and I.OOO^C io not more than 0.01% por ono hoot 
cyolo. 

Tho prooont invontors havo furthor contlnuod thoir InvGoUgottono on tho protriomo of tho t^lght reduction 
s and tho dbnenatonol ahrinkago in tho hoot cycling oo mentionod in oonnoction ^^h tho f iTDt oopoct o? tho pTCO- 
ont Invontton. and oonaoquontly tho invontoro havo auccoodod In out»t&ntidly oupprooolng tho dlntonotond 
shrinkago of the porous ainterad body by apocifying tho doping emount of Ca or Sr at tho A-aitoo of lonthanum 
manganlto. 

More particularly. It waa made dear that Kn^n the aubstltuting amount of calc^m to oot to not looa than 

TO 25% and not nrtore than 35% of tho A-attes. tho dlTnonaional ahrinkago caused by tho hoot cycling bott^con 
room temperaturo and I.OOO^C can b® aupprosaod to not more than 0.01% por ono hOQt cyde. On tho other 
hand. It was also made dear that when tho substituting antount of stronttum doping lanthanum mangantlo b 
not less than 20% and not more than 40% of tho A-altea, similar effects can be obtained. 

Further, when the sul)stltuting anwnjnt of calcium la not laaa than 30%. the dimenatonal 8hrin£(sge which 

13 would be caused by the heat cyding is not abnoot seen at all. If tho substituting amount of coldum Io more 
than 35%. the coefficient of thermal enpanslon of the porous sintered t>ody increaaed. Thia ceuoos incompa- 
tibility in coef f ident of thermal expansion between the porous sintered k>ody and the ziroonla aoltd dectroSyto. 

The chemical composition of lanthanum nr)anganite according to tho third aspect of tho present invontbn 
may contain substituting atoms other than manganeso atoms at B-sites or tho chemicol ccmposltton moy not 

20 contain such other 8ut>stituting atoms. When substituting atoms other than nr^nganooe Qtoms are containsd 
in the B-sites, substituting atoms may be seleded from those of a metal selected torn tho group consisting of 
iron, chromium, titanium, ootialt, magnesium, zinc, copper, aluminum and nIcSsel. The aubotituting omount of 
such other substituting atoms is praferat>ly not more than 10%. Further, preaenoe of inevitabSo impurttieo nr^ 
be accepted in the third aspect 

23 Tho porous sintered bodies according to the third aspect of the present invention havo tho oermo uaoo os 
those in the first aspect of the present invention. 

The porous sintered body according to the third aspect of the present Inventbn prefomMy has tho porosity 
of 5% to 40%. When the sintered body is used as a material for an air electrodo in an SOFC, tho porosity ^ 
mora preferably 15% to 40%. and further preferably 25% to 35%. In this case, when the porosity of tho e&r 

30 electrode is set at not less than 15%, the gas-diffusing resistance is reduced, whereas when ttie porosKy \b 
sot at not less than 40%. strength can maintained to some extent 

A fourth asped of the present invention relates to porous sintered tKulies made of lanthanum manganite 
in which a part of lanthanum atoms at A-sites era sut>8tituted by atoms of a metal selected from the group con- 
sisting of alkaline earth metals and rare earth metals, and the content of iron is not more than 40ppm, wherein 

35 the dimensional shrinkage caused in heat cyding between room temperature and 1.000^ is not more than 
0.01 % par one heat cyde. 

Further, the fourth aspect of the present invention also relates to porous sintered krodies made of lantha- 
num manganite in which a part of lanthanum atoms at A-sites are substitutsd by atoms of a metal selected 
from the group consisting of alkaline earth metals and rare earth metals, and the content of sQioon \s not more 

40 than lOOppm, wherein the dimensional shrinkage caused in heat cyding between room temperature and 
1.000*^6 is not mora than 0.01% p^ one heat cyde. 

In view of the above-mentioned knowledge, the present inventors have further continued their investiga- 
tion on the problems of the weight reductbn and the dimenstonal shrinkage as mentioned in connection wCth 
the first aspect of the present invention. As a result the inventors have disooversd dear corrdatbn-ship bo- 

45 tween I he content of iron or silicon entering the porous sintered trody as an impurity and tho dimenskmsl shrinSi- 
age of the sintered t>ody in the heat cyding. Then, the inventore havo auooeeded substant^ oontnd of the 
dimensional shrinkage of the porous sintered body by utilizing the above oorreiationahcp. 

That is, iron or silicon is generally likely to enter products as impurity during the production steps of cer- 
amics. The present inventors have discovered that a very fine anu>unt of iron entering the porous sinteinsd body 

so made of lanthanum manganite as impurity aids the material transfer of metailk: atoona durii^ the heating and 
coding courses in the heat cyding so that the dimensional shrinkage of the porous sintered body is promoted. 
The inventors have then succeeded in suppressing the din^nsional shrinked of the sintered body to not more 
than 0.01 % per one heat cyde by setting the content of iron in lanthanum manganite to not more than 40 ppm. 
If the content of iron is more than 40 ppm, the effect of suppressing the dbnensbnal shrinkage in the heat 

55 cyding is not remarkable. 

— The smaller the content of iron in lanthanum manganite, the better is the result However, It is v^ diff todt 
to 6ohbro)~the content of iron to 1^ than lOppfh in view of the actualTrnductibri steps: If control is tried to 
suppress the content of iron to less than 10 ppm, the production cost largely rises. 

S 
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On Xho othof hand, tho present invontoro havo dlooovcrod that controlling tho oontont of oflteon In lontho- 
num menganito to not loso than 100 ppnrt lo offecttvo for ouppToooIno Qbovo dlmanoionQl ohrinCtogo tho 
ponnio olntorod body. Tho roaoon fof thio phonomonon to not door. Hot^vcr, It to prooumod thot ollfco b dto- 
tribut&d In groin boundarioo entong porttoioo of lonthonum nwinganlto, which ouppnaoooo tho nriotcxtcS &ono?cr 
0 of thd ntotdlto atomo. If tho content of oOloon in lonthonum nfiangontta to moro than 3.000 ppm, dectric rooto- 
tanoo incfOQooa duo to tho presoncG of SI In tho groin boundartco. Thuo. tho porouo ointored body having tho 
content of SI being nmo than 5.000 ppm to unsuttoMo qq q high tentporafeuro oloctiodQ matoHoi. 

The poroua ainterod bodlds according to the fourth oopect of the prooont invention has the aante uocs oa 
those Qoomllng to the first aspect of the preaent Invention. 
10 The porous sintered body according to the fourth aspect of the preaent invention preferably hao the por- 
osity.of 9% to 40%. When the slntered body Is used as.a mateitel to an air electrode In an SOFC. the porooity 
Is more preferably 15% to 40%, and further preferably 25% to 35%. In thte case, when the pcroslly of the sir 
electrode to set at not less than 15%, the ga&-dlf fusing resiatance to reduced, whereas when the porosity to 
set at not leaa than 40%, strength can be maintained to acme entenL 
13 When the porous sintered body according to the fourth aspect of the present invention to used as the rr^ 
terial for the air eiectrode in the SOFC, the coefficient of thermal enpanaion of the porous sintered body must 
be set to near those of the f Omy solid eiecbdyte and the filmy fuel electrode. When this solid electrdyte f Om 
to made of ytbia-stabllized zirconia, in order to match the thermal expanston of the afar electrode with that of 
the solid electrolyte film, the substituting amount of caldum at Arsltes of lanthanum manganite to preferably 
20 10% to 25%, whereas the substituting amount of strontium at the ^aitea Is preferably oet at 5% to 1 S%. 

The chemical composition of lanthanum n^nganlte according to the fourth aspect of the present Invention 
may contain substituting atoms other than manganeae atoms at the B-aitos or the chemical compoaStton imiy 
not contain jsudh other substit uting atoms. W hen aubatituting atoms other than mar^anese atoms ms con- 
tained at the B^lt^Tsubititutlng atoms may bel^deSed firoarTi^^ of a n^tal selected from the group oorh 
20 sisting of chromium, titanium. cot>alt. magnesium, zinc, copper, aluminum Bn6 nicStel. The 8ut>8titutlno amount 

ef-euch-ot4ier-8ub8tituting>atems-is-pnsfQr&bly not more than 10% of the B-oites. 

In the fourth aspect of the present invention, presence of inevtot>le impurities may t^ accepfcad. 
It to considered that cron entering lanthanum manganite as impurity exists b\ the B-sites. 
The porous sintered bodies according to the present inventbn may be generally produced as fotlows: 
30 As starting materials, oxides. cart>onate8, hydroxides, organic compounds or metal compounds of La, Ca, 
Sr. Mn, Ai, Ni. Co and Mg ara used. These starting n^tarials are selectively employed, and given amounts thor^ 
of ara measured and mixed to give desired oomposttioned rattoa. Then, a perovsEdte compound to synthesized 
from the resulting mixture at I.OOOX to 1,700*>C. The synthesized product to milled to the average partide 
diameter (Deo) of 1 to 10 ^m. and appropriate binder, dtopersant, stabiiizdr, parting compound, pore-formar^ 
as agent, water, etc. are mixed into the milled powder, which to mddad. On thto case, an appropriate molding proc- 
ess is selectively employed depending upon intended molding shape, microstructure, productivQy, etc. The 
mdding to fired at 1 .000<*C to I.TOO^'C to obtain a desired porous sintered body. 

The solid oxide fuel cell according to the present Invention can be used by using such a porous sintered 
body as an air electrode according to a conventional prooeas. 
40 These and other objects, features and advantages of the Inventton will be appredated upon reading of 
the following description of the invention when taken in conjunction with the attached drawing, with the un- 
derstanding that some nrKxjif ications. variations and changes of the invention could t>e easily be mad® by ttie 
skilled person in the art to which the invention pertains. 

For a better understanding of the inventkm. reference to made to the attached drawings, wherein: 
43 FtQ. 1 to a graph showing examples of Arrhenius plotting with respect to porous sintered t>odiss; 

F^. 2 to a graph showing the relationship between differsnce AE In the activating eneigy of the e9ec8irtc 
conductivity and the dimensk>nal shrinkage rate (%/10 cydes); 

Fig. 3 to a graph showing an X-ray diffracting pattern of lanthanum manganite constituting a porous sinterted 
body in each example; 

80 F^. 4 to a graph showing the relationship between the substituted anKxint of B-sites of lanthanum man- 
gan iteand th e dimensional shrinkage anrKMjnts of porous sintered bodies per one cyde in the heat cydtng; 

_ — - " -^-z:^ — ^ 

Ftg. 5 to a graph showing the relattonship t>etween the dbnenstonal shrinkage amounts of porous sintered 
bodies per one heat cyde and the sut>stituting anrtount of strontium at A-sites. 
35 The present inventton will be explained in more detafl with reference to Examples and Comparative €x- 
amples given bek»w. 
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I. In the following, the first aspect of the present invention wll t>e explained In more detal with reference to 
Examples and Comparative Examples: 

(Experiment 1) 

6 

As Starting materials, iMiOj, Mn^O^, CaCOa. Mfiy and MgO powers were used. In each sample. gWmn 
anx>unt8 of starting materials were measured according to a compounding recipe given in Tatile 1 , and mixed 
together. The resulting mixed powder was nfK)lded under a pressure of 1 tf/cm^ by cold isostatic pressing, there- 
by producing a molding. The molding was thermally treated at 1 .iOO^'C for 40 hours in air. thereby synthesizing 

10 lanthanum manganlte having a composition given In Table 1 . The synthesized product was mfiled in a ban mil. 
thereby preparing lanthanum manganlte powder having the average particle diameter of about 3 ^m. Then, 
polyvinyl alcohol was dispersed as a binder into the resulting lanthanum manganlte powder, which was molded 
into a rectangular plate by unlaxially pressing. The thus obtained molding was fired at 1.250X for 5 hours in 
air. thereby obtaining a sintered body. A rectangular rod having the size: a longitudinal side of 3 mm, a lateral 

15 side of 4 nvn and a length of 40 mm was cut off as a experimental sample from the sintered body. 

(Measurements) 

First, the porosity of each sample was measured according to a mter-replacing method. Results are 
20 shown In Table 1. 

Next, the weight of each sample was measured. Thereafter, each sample was heated up to 1.000<»C at a 
heating rate of 200<*C/hr in an air stream, and then kept at 1,000«C for 5 hours. Air was sucoeedingly blown 
against the sample, thereby then rapidly cooling the sample. The weight of the thus rapidly cooled sample 
was measured as the weight at I.OOO^'C. A weight ratio was calculated by dhfidihg the weight at 1 .OOO^C by 

25 the weight at room temperature. The Veight at room temperature' means the weight of the sample having 
undergone no special heat history, that is. the weight of the sample before being heated up to LOOCC. 
Measured weight ratios are also given in Table 1. 

For each example, a similar sample was prepared separately from the sample used above for the meas- 
urement of the weight and was heated up to 600*^0 at a heating rate of 200n:/hr in air. Then, the sample was 

30 subjected to heat cycling at ten times between GOO^'C and 1 .OOO^'C at a heating/cooling rate of 200<'C/hr. finally 
being cooled down to room temperature. In this case, in each heat cyde. the sample was kept at each of eOO^C 
and 1 .OOOX for 30 minutes. Thereafter, the dimenston of each sample was measured by using a mnrometer. 
and a dimensional shrinlcage rate of the sample was calculated between before and after the above heat cy- 
cling. Measurement results are shown in Table 1. 

35 



Table 1 



Sample 
No. 


Composition 


Porosity (%) 


Weight ratio (1000«C/lroom 
temp.) 


Dimensional 
shrinkage rate <%/10 
cycles) 


1-1 


LaoflCaoTMnOs 


30.6 


0.9985 


0.43 


1-2 


LaaTCao^nOs 


29.1 


0.9997 


0.00 


1-3 


Laai^2Mnas5Aloii503 


28.6 


0.9988 


0.03 


1^ 


LaojCao^Mno^goofiOa 


28.4 


0.9989 


0.06 



As is dear from Table 1 . when a value (weight ratio) obtained by dividing the weight of the porous sintered 
body at 1 .OOO^C by that at room temperature is not less than 0.9988 (Samples 1-2 through 1-4), the average 
value of dimensional shrinkage amounts caused by heat cyding at ten times in the initial stage after the firing 
is not more than 0.01% per one heat cyde. This value was 0.043% in Sample 1-1 as Comparative Example. 

Further, with respect to Sample 1-1 in Table 1. a dimenstonal change was measured with a thermal ex- 
pansion meter by heating the sample from room temperature to I.OOOX and cooling it again. As a result, it 
was found out that the dimensionally shrunk phenomenon occurred in a temperature range of 900**C to 800*^ 
during when the porous body was being cooled. Therefore, it is presumed that oxygen atoms are abscvbed 
andlTie&llIc atoms transfer ih this terhperatijre ra Further, the results in the heat cyding over BOCC to 
1. 000*^0 are klentical with those in the heal cyding over rom 
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Furthermore. Sample M was kept at 1.000**C In air for 10 houre. and cooled to room temperature. Then, 
a dimenatonal change rate between before and after the heatino waa meaaured lo be 0.03% shrinkage. On 
the other hand. It Is seen from TaMe 1 that Sample 1-1 exhibited a dlmenak>nal ahrinkage rate of 0.043% per 
one heat cyde In the case of heat cycling at ten times after the firing. Therefore, the above shrinkage of 0.03% 
5 substantially corresponds to the dinrwnslonal shrunk amount per one heat cyde. From this result, it can be 
saM that the dimensional shrinkage of 0.03% occurred not during keeping the aample at 1.000^0 but during 
the cooling step from 1 .OOO'C jto room temperature. In other words, the shrinkage phenonienon of the porous 
sintered body In the above hept cyding occurs according to a mechanism quite different from that by which 
the sintering proceeds when the porous sintered body is kept at a high temperature. 

10 

? (Experiment.2) 

As starting materiala. 1820). Mn304. CaCO). MgO. NIO. CoO. and SrCO) powders were used. In each sam- 
ple, given amounts of atarting materials were measured according to a compounding recipe ahown in Table 2, 
15 and mixed together. Then, experiment were conducted In the same manner as in Experiment 1. Results are 
shown in Table 2. 



Table 2 



Sample No. 


Composition 


Porosity (%) 


Weight natk) 
(1000«Cfroom 
temp.) 


Dimenstonal shrinkage 
rata (%/10 cycles) 


Comparative 
Example 1-11 


Lad^aiMnOa 


36.9 


0:9982—^ 


0.12 


—Example 1-11 — 


Lao.T6CaojsMn03 


39=0 


0.9990- 


0.10 


Example 1-12 


Lflo.726Cao.276Mn03 


37.5 


0.9997 


0.03 


Example 1-13 


Lao^Cao^MnO, 


24.9 


1.000 


0.00 


Example 1-14 


LaojiCao^noj»Niao603 


24.3 


0.9999 


0.07 


Example 1-15 


Lao.8CaoiMno.»NiaiQ3 


31.7 


0.9999 


0.02 


Example 1-16 


LaojCaojMno.96Coo.o60s 


29.5 


0.9998 


0.07 


Example 1-17 


LaoaCao^Mno^MgciOa 


30.7 


0.9999 


0.01 



As is seen from Comparative Example 1-11. with respect to LaojoSro.iMnOs which has been ordinary used 
as a material for air electrodes, it was confirmed that shrinkage in the heat cyding was observed and the above- 
40 mentioned weight ratio was less than 0.9988. In each of Examples 1-11 through 1-17, the dimenskinal shrink- 
age rate was not more t han 0.01 % per one heat cyde, and the weight ratio measured was not less than 0.9988 
but not more than 1.0000. 

(Experiment 3) 

45 

As starting nDaterials, La2Q3. Mn304. CaCO,. SrCOj, NiO. MgO and CoO powers were used. In each sam- 
ple, given amounts of starting materials were measured according to a compounding redpe given in Table 3 
or 4, and mixed together. The resulting mixed powder was molded under a pressure of 1 tf/on^ by odd isostatk: 
pressing, thereby produdng a molding. The resulting mdding was thermally treated at 1 .550«C for 5 hours in 
50 air. thereby synthesizing lanthanum manganlte having a composltk>n given in Table 3 or 4. 

The synthesized produd was milled in a ball mill, thereby preparing lanthanum manganite powder having 
the average partide diameter of about 4 to about 6 |im. Then, pdyvinyl alcohd was dispersed as a binder into 
the lanthanum manganlte powder, which was moMed intone rectangular plate by uniaxially pressing. The re- 
sulting mdding was fired at 1 .400^0 to 1 ,600**C for 4 hours in air, thereby obtaining a sintered body. A rectan- 
55 gular rod having the size: a longitudinal skJe of 3 mm, a lateral side of 4 mm and a length of 40 mm was cut 
off^an-experimental sample from the sintered body. 

First, the porosity of each sample was measured acoording to a water-replacing method. Results are 
shown in Table 3 and 4. 
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Next, each sample was heated up to 600X at a heating rate of 200*C/hr in air. which was then eubjected 
to heat cycling at ten times between 600^C and I.OOO^C at heating/cooling rate of 200*C/h. and finally cooled 
down to room temperature. At that time. In each heating cyde. the sample was kept at each of 600% and 
I.OOO^C for 3 minutes. Thereafter, the dimension of each sample was measured by using a micrometer, and 
5 the dimensional shrinkage rate t>etween before and after the heat cycling was calculated. Measurement resulls 
are shown In Tables 3 and 4. 

With respect to each of porous sintered bodies having respective lanthanum manganlte compositions, 
electric conductivity at each temperature was measured by a DC four-terminal process, and activating energies 
in a range of 200^C to 600''C and in a range of 900X to 1 .000<*C and a difference A between these activating 
10 energies were calculated. Results are shown In Tables 3 and 4. In order to calculate the activating energy, an 
-Arrhenius plot diagram was prepared as shown Table 1 .. 

That Is. Fig. 1 shows the Arrhenlus plot diagram with respect to the composltton of Lao.oSro.iMn03 and 
the composition of i^o.7Cao.3Mn03. In Fig. 1. the abscissa and the ordinate denote 1000/T(K~^) or T(X) and 
oT(S/cm-K). respectively, a is an electric conductlvtty. The activating energy was calculated from this Arrhenhis 
f5 plot diagram. 

As is seen from Fig. 1 . a gradient in the range of 200^C to 600X greatly differs from that in the range of 
90(rc to 1 .OOCC in the case of LaopSrciMnOs compositk>n. More specifically, as shown in Table 2, A£ is as 
much as 0.039eV. On the other hand, in the case of the composition of LBo.7CaojMn03, AE tietween the gra- 
dient In the range of 200X to 600«C and that In the range of 900<*C to 1 .OOO^C Is smaller. 
20 Although only two examples are shown In Fig. 1 , with respect to the other compositions given in Tat)les 
3 and 4. acthration energies in a range of 200*'C to 600*^0 and In a range of 900% to 1,t)00% and a difference 
aE between these activation energies were calculated. In Fig. 2 Is pk>tted the relationship between AE and 
the dimensional shrinkage rate (% per ten cydes) with respect to each sample. 
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As is seen from the above results, the dimensionaJ shrinkage rate is not nrwre than 0.01% per one heat 
cyde by suppressing AE to a range of 0.01 to -0.01 eV. However, if AE is more than 0.01 eV or less than -0.01 
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•V, the dlmensbnaJ shrinkage rate exceeds 0.01% per one heat cyde. But. no dear regularfty Is observed In 
either one of these areas. 

As mentioned atwve. accordino to the first aspect of the present Invention, since the dinrwnslonal shrinkage 

caused In the porous sintered body made of lanthanum manganlte by the heat cyding Is suppressed, no crack- 
5 ing occurs t>etween the porous sintered tx>dy and the other constituent materials even wfien a structure In- 
volving the porous sintered Ixidy and these constituent materials Is subjected to the heat cyding. 

II. Next, the second aspect of the present Invention will be explained in mors detail with respect to Exanv 
ples and Comparative Examples. 

w 

(Experiment 4) 

As starting materials. La^Os, Mn304. CaCOs. AtjO^ CoO, MgO and NIO powers were used. In each sample, 
given amounts of starting materials were measured according to a compounding redpe given In Table 5. 6 or 
15 7, and mixed together. A sintered body was obtained from the resulting mixed powder In the same manner as 
described in Experiment 1 in connection with the first aspect of the present invention, except that in Experiment 
4, the average partide diameter of lanthanum manganite powder obtained by the t>all mill was about 3 ^m to 
about 6 ^m. A rectangular rod having a longitudinal skSe of 3 mm, a lateral side of 4 mm and a length of 40 mm 
was cut off from the sintered body as an experimental sample. 

20 

(Measurement) 

First, with reaped to each aample. the poroaity of the sample was measured by t he watar-repladng proc- 
ess. Results are ahown In Tables 5 to 7. Further, each of Samples 2-1 through 2-5 given In Table 5 was milled 

25 again in a crudble, which was subjeded to an X-ray refraction measurement by a powder process. Measure- 
ment results are shown Fig. 3. Indk»tton of Samples 2-1 through 2-5 given to respective curves in Fig. 3 cor- 
respond to those in Fig. 5. As is seen from Fig. 3. the refrectton pattern of each of Samplea 2-2 through 2-5 
as Examples of the second aspect of the present inventton is substantially the same as that of Sample 2-1 as 
Comparative Example, and exhibits a single phase. As is judged from these X-ray refraction patterns, nckd. 

30 cobalt, magnesium, or akiminum ia certainly solid solved Into crystals of lanthanum manganite in Samples 2- 
2 through 2-5. 

Next, each example was heated up to 600**C at a heating rate of 200X/hr in air. and then subjected to 
heat cyding at ten tinges between GOO^'C and 1 ,000^0 at a heating/cooling rata of 200'*C/hr. finally being coded 
down to room temperature. In this case, in each heat cyde. the sample was kept at each of 600% and 1 .OOOX 
35 for 30 minutes. Thereafter, the dimension of each sample was measured by using a micrometer, and a dimen- 
sional shrinkage rate of the sample was calculated between before and after ttie above heat cyde. These 
measurement results era shown in Tables 5. 6 and 7. 



Tables 



Saniple No. 


Compositk>n 


Porosity (%) 


Dimensk>nal shrinkage rate (%/10 
cydes) 


2-1 


l^jCao^MnO, 


30.6 


0.43 


2-2 


LaojCaojMnoaeNiouwOs 


39.0 


0.05 


2-3 


Lao^aojiMnoosCooiBOa 


28.9 


0.09 


2-4 


LaoeCao^Mno^MgouBOj 


28.4 


0.06 


2-5 


Lao^Cao^MnoasAlojosQs 


28.6 


0.03 
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Table 6 



Sample No. 


Composition 


Porosity (%) 


L/llllOIIOlwlial SllillmliyQ lalO \ iw 

cydee) 


2-6 


LaojCao^sMnaMooNiooooiOs 


32.4 


0.28 


2-7 


Laa0Cao.3Mno.gmCOaoooiO3 


30.9 


0.22 


2-8 


Laa8Cao.2MnoM9MOoxiooi03 


29.3 


0.25 


2-9 


- LaojCaojMnci.999BAIaoooi03 


30.4 


0.16 



Table 7 



Sample No. 


Composition 


Porosity <%) 


DInrMnsional shrinkage rate (%/10 
cydes) 


2-10 


LaojCao^Mno.9oNio.io09 


31.8 


0.02 


2-11 


LaojCaojMno.«oCoto.,o03 


28.7 


0.00 


2-12 


Lao.8CaojMno.9oM9ai603 


30.8 


0.01 


2-13 


Lao.aCaoiMnojoAlo.10O3 


27.3 


0.09 


2-14 


L^jCaojeMnoj5Nio.i603 


29.8 


0.00 


2-15 


LaaeCao^no.«rf:oMrfJ3 


34.2 


0.01 


2-16 


Uo.aCaQ^no^9o:ifiQ3 


31.7 


0.00 


2-17 


LaojCaoiMnojaAlaiftO, 


27.6 


0.02 


2-18 


LaojCaojMnojoNtjoQs 


28.4 


0.00 


2-19 


LaojCaoj^naaoCooaoOs 


32.9 


0.00 


2-20 


LaojCaojMnaeoMgo^ 


34.1 


0.01 


2-21 


taojCdo^MfiojoAlojoOs 


27.7 


0.02 



In eadi of Samples 2-1 through 2-5 in Table 5, 20% of lanthanum atoms at the A-sites were substituted 
by caldum. Further, in each of Samples 2-2 through 2-5, 5% of manganese atoms at the B-sites are substituted 
by nid^el, cobalt, magnesium, or aluminum. In each of Samples 2-2 through 2-5 as Examples of the present 
invention, the average dimensional shrinkage rate in the heat cyding at ten times in the initial stage after the 
sintering is not more than 0.01% per one heat cyde. whereas this average dinrtensional shrinkage rate is as 
much as 0.043% per one heat cyde. 

Further, Sample 2-1 in Table 5 was heated from room temperature to 1 ,000''C, and then coded. Thereafter, 
a dimenstonal change was measured by using a thermal expansion meter. As a result, it was found out that 
the dimensional shrunk phenomenon occurred in a temperature range of 900"C to 800** during when the tem- 
perature is deaeased. Therefore, it is presumed that absorption of oxygen and transfer of metal atoms occur 
in this temperature range. Further, the results in the heat cyding over the range of 600**C to 1,000^ are the 
same as those over room temperature and 1,000**C. 

Furthermore, Sample 2-1 was kept at 1,000*t: in air for 10 hours, and cooled down to room temperature. 
Then, the dimenstonat change was measured to be 0.03% shrinkage between before and after the heating. 
On the other hand, it is seen from Table 5 that the dimensk>nal shrinkage rate in the heat cyding at ten times 
after the sintering was 0.043% per one heat cyde. Therefore, the shrinkage of 0.03% substantially corresponds 
to the dimenstonal shrinkage rate per one heat cyde. It can be saki from the above result that the dimenskmal 
shrinkage of 0.03% occurred not during when the sample was kept at I.OOO'^C for 10 hours but during wtien 
the sample was cooiedfrom 1 ,000**C to room temperat ure. In other words, the shrinkage phenomenon that 
the porous sintmd body is shrunk during the heat cyding occurs based on a mechanism quite different from 
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that by whk:h the sintering proceeds when the porous sintered t>ody is kept at a high temperature. 

Tat>le 6 gives Samples in which 0.01% of manganese-sites are occupied by nickel, cobalt, magnaskim or 
alumlmim. Table 7 ahows Samples In whk:h 10%. 15% or 20% of manganese-sites are subsUtutad by nk:kal. 
cobalt magnesium or aluminum. In a graph of Fig. 4. resets in Tables 5 through 7 are plotted In a coordinate 
5 in which an abscissa and an ordinate are taken as the substituted amount (%) of the above-redted metal atoms 
at the B-altes and the shrlnkaj^e amount (%) per on heat cyde, reapecth^. 

Aa la aeen from Tables 5. 6. 7 and 8, although attained effects slightly differ depending upon the kinds of 
the aubatltuttng elementa, the shrinkage in the heat cyding is suppressed by inaeasing the substituting amount 
thereof. The aubatltuting amodnt Is preferably 5% to 20%. 

10 

(Experiments) 

Annong samples shown in Tables 5 through 7. Samples given in Table 8 were selected, and their eledrk: 
conductivity at 1 .OOO^'C was measured. The electric conductivity at I.OOO^C Is a charactertoUc required as the 
f 5 air electrode for the SOFC. The above measurement was effected at 1 ,000*C In air by a DC four-terminal proc- 
ess. Results are shown in Table 8. 

In order to remove an influence upon the electric conductivity due to difference in porosity, measurement 
data given in Table 8 were obtained by correcting actual data through calculatton to correspond to those at 
the poroaity of 30%. 

20 

TaUe8 



Sample No. 


Composltton 


Conductivity (S/cm) 


2-6 


LaojCaojMnoW^lo.oooiQs 


102 


2-7 


LaojCao^MnojoeaCoojoooiOa 


98 


2-3 


Lao^aa2Mnoj8Coo.o603 


do 


2-15 


Lao^aojMno.e6Coo.iB03 


56 


2-8 


Lao^Cao^MnojewMgojoooiOs 


92 


2-4 


LaojCaazMnojeMgoosQ, 


74 


2-18 


LBojCaa2Mnoj5Mgo.i603 


49 



As is seen from Table 8, there is a tendency that as the substituted amount of the B-sitOB incraaaea, the 
electric conductivity decreases. In particular, when the substituted amount exceeds 15%, the electric conduc- 
tivity decreases to about a half of that in the case when none of the B-sites are substituted. Such a tendency 

^ is the same with respect to cases where the substituting atoms are nickel or aluminum. 

The above cause is consMered as fdlows. That is. since the electrically conductive mechanism In lantha- 
num manganite is based on a hopping oonductton of hdes formed when the valency cf manganese changes 
from 3 to 4, the content of manganese constituting conductive paths in the crystal decreases. Anyway, the 
substituting amount of each of the above-redted atoms at the B-sites is preferably not more than 15%, more 

^ preferably not more than 10%. Moreover, when the above-mentioned problem of the shrinkage amount in the 
heat cyding is considered, the substihjting anruMnt of the metaHk: atoms is further preferably 5% to 15%, and 
most preferably 5% to 10%. 

With respect to a conrtposition of La^. AMno^NiaosO), the relationship between the substituting amount 
of X and the coef f ident of thermal expansion was examined. As a reference, a coefficient of thermal expanston 

^ of 8 mol% yttria-stabilized ziroonia is shown. I^Os, Mn304. CaCOs, SiCOs and NiO were used as starting ma- 
terials. In each sample, given amounts of starting materials are weighed according to a compounding redpe 
in Table 5, and mixed. The resulting mixed powder was molded under a pressure of 1 tf/cm2 by odd isostatic 
pressing. Thus obtained molding was heated at I.IOO^'C in air for 40 hours, thereby synthesizing lanthanum 
manganite having a composition shown in Table 5. This synthesized produd was milled by a ball mill, thereby 

55 obtaining powdery lanthanum manganite having the average partide dianrwter of about 4 to 6 pm. Then, pdy- 
vinyl alcohol was dispersed into the resulting lanthanum manganite powder as a binder, and a rectangular plate 
was molded from the powder by uniaxial pressing. The molding was fired at 1^00 to 1,500*»C for 5 hours in 
air, thereby obtaining a sintered body having a porosity of 30 ± 1%. A square rod having a shape of a vertk»l 
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side: 3 mm, a lateral aide: 4 mm and a height 40 mm wbb cut aa an experimental aample from the reaiiting 
sintered tMdy. 



Tat)le9 



ft 


Composition 


Average coefficient of thermal expansbn (x1(H0(, 
20*C-1000*Ci 








1/i 

1U 


1 a Htk kMn kit O 


40 4 
1^.1 




1 a Pa Mn Kit d 
L^.OO^ao.loMn(t06NlQ.o6U3 






LaoJ8Caa.i6Mnoj6NlD.O6O3 


11.0 


15 


l-ao.rf;a(i.2Mno.o6Nioii603 


10.8 




Lao.76Caa26Mno.96Nlo.o603 


11.1 




LacTzftCaoOTMnojeNloiisOa 


11.1 


20 


LBo.7CaQ^Mnoj6NlQjo603 


11.2 




Laoj8760aoj26Mnoj06NloJ603 


11.4 




Laoja8Caa36Mnoj5Nlo.o6D3 


11.5 


25 


Laojo6Sroii6Mnoj6Nioj6Q3 


11^ 




Laoj9oSro.ioMnojB6NiaQ6Q3 


11.0 




LaojSro^nojsNiaoeOa 


11.3 


30 


Lao.7SroiMnoj6Niao603 


11.8 




8mol% yttria atalHlized zirconia 


10.5 



The coefficient of thermal expansion was minimum when the substituting amount x of Ca was atXMit 0.2, 
35 and also minimum when the substituting amount x of Sr was about 0.1. In order to obtain a cell stable for a 
long time period by conforming the coefficient of thermal expansion of lanthanum manganite with t hat ol yttria- 
stabilized zirconia, the sul)stituting anwunt x of Ca is preferably 0.1 ^ x ^.3, whereas the sut>stituting anKxint 
X of Sr is preferably 0.5 ^ x ^ 0.20. 

As n>entioned above, according to the seoond aspect of the present invention, since a part of manganese 
40 atoms at the B-sites of lanthanum manganite constituting the porous sintered fc>ody are sut)stitutad tyy atoms 
of at least one metal selected from the group consisting of aluminum, cot>alt, nriagnesium and nickel, the dh 
mensional shrinkage of the porous sintered kx>dy in the heat cycling can be suppressed. 

III. The third aspect of the present inventton wiO be explained in more detail with reference to Examples and 
45 Comparative Examples. 

(Experiment 6) 

As starting materials, U^s, Mn304, CaCQs, and SrCOs powers were used. In each sample, gh^n anKxints 
50 of starting materials were measured according to a compounding redpe gh^en in Table 9. and mbced together. 
The resulting mixed powder was molded under a pressure of 1 tf/cm^ by odd isostatic pressing, theret>y pro- 

ductng a molding. The resulting nrK)ldlng was heated at 1,550*C for 10 hours in air. thereby synthesizing Ian* 

thanum manganite having a composition given in Tatile 9. 

The synthesized product was milled in a ball mill, thereby preparing lanthanum nvangantte powder having 
55 the average partk^le diameter of about 4 \»m. Then, polyvinyl alcohol was dispersed as a binder into the lan- 
— thanum manganite powder, which was mokled-in-the fbrm of-a rectangular plate by unlaxlaily pressing. The 
resulting moUing was fired at 1,450*'C for 5 hours in air, thereby obtaining a sintered body. A rectangular rod 
having the size: a longitudinal side of 3 nun. a lateral side of 4 own and a length of 40 mm was cutoff as an 
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experimental eampie from the sintered body. 
(Measurements) 

a First, the porosity of each sample was measured according to a vrater-replacing niethod. Results are 
shown In Table 9. j 

Next, each sample was heated up to eoo^'C in air at a heating rate of 200<tVhr. which was then subjected 
to heat cycling at 10 times. 20 jtimes. 40 times or 100 times at heating/cooling rate of 200*'C/hr between eOO'^C 
and I.OOO^C and finally cooled to room temperature. At that time, each sample was kept constant at each of 

10 600*0 and 1 .OOO^C for 30 minutes. Thereafter, the dimension of the sample was measured by using a micro- 
meter, and the dimensionat shrinkage rate between before and after the heat cyding was calculated. 
Results are shown in Table 1 0. 



Table 10 



29 



Sample 
No. 


Composition 


Porosity (%) 


Dimensional shrinkage rate (%) 


lOcydes 


20cycies 


40 cycles 


100 cycles 


3-1 


LaaoSrciMnOs 


26.4 


0.25 








3-2 


LaoiSroaMnOa 


19.8 


0.09 


0.14 


0.25 


0.51 




.LflaTsSraisMnQa 


34.1 


0.01 


0.01 


0.01 


0.01 


3-4 


Laa9Cao.iMn03 


37.0 


0.15 








3-5 


Laa8Cao^MnQ3 


26.5 


0.29 


0.56 


1.10 


2.42 


3-6 


Lao.76Cao^Mn03 


21.3 


0.10 


0.16 


0.26 


0.59 


3-7 


Laa7Cao.3Mn03 


40.9 


0.00 


0.00 


0.01 


0-01 



As is seen from Table 10. with respect to Samples 3-2. 3-3. 3-6 and 3-7 as Examples of the present in- 
vention, the average dimenstonal shrinkage rate in the heat cycling at 10 times in the initial stage after the 
^ firing is not more than 0.01 % per one heat cyde. This average dimensional shrinkage rate is 0.025% for Sample 
3-1 . 0.01 5% for Sample 3-4, and 0.029% for Sample 3-5. With respect to Sample 3-5 as Comparative Example, 
the dimenstonal shrunk amounts in the heat cyding at 20 times. 40 times and 100 times increases almost in 
proportion to the number of times of the heat cydes. and thus it is understood that the dimensionally shrunk 
amount is not still converged even when the number of times of the heat cydes is Increased. In Samples 3-2 
^ and 3-6 as Examples of the present invention, it is seen that although the absolute value of the dimensionally 
shrunk amount is small, the dimensionally shrunk amount is not still converged, either, even when the number 
of repetitions of the heat cydes is 100. 

With respect to Sample 3-1 in Table 10. the sample was heated from room temperature to 1,000^ and 
coded to room temperature again, and the dimensional change was measured by using a thermal expansbn 
meter. As a result. It was found out that the dimensk>nally shrunk phenomenon occurs in the temperature range 
of 900^ to 800<'C during when the temperaturs was being brought down. Therefore, it is presimied that ab- 
sorption of oxygen and transfer of metal atoms occur in this temperature range. Further, the results in the heat 
cyding over SOO^'C to 1 ,000**C are the same as in the heat cyding over room temperature to I.OOO^C. 

Further, Sample 3-5 was maintained at 1,00a*C in air for 10 hours, and cooled to room temperature. Then. 
^ the dimenstonal change rate between before and after the heating was measured, which showed 0.03% shrink- 
^ age,betweenJhenfi..OnJhe,Qther.hand,Jt.is.seen.frpm Table lOJhat the. average dimensionat shrinkage rate 
in the heat cyding at 10 times after the sintering is 6.029% p^ one heat c^e. From this resdt, it can be sakj 

that the dimensional. shrinkage by 0.03% occurred-not-during when the sample was kept at I.OOO^C tbr 10 

^ hours but during when the sample was coded from 1 .000**C to room temperature. In other words, the shrinkage 
phenomenon of the porous sintered body in the heat cyde occurs by a mechanism quite different friom that 
^y. whicltthe.smteri^ the porous sintered bodyjs kept at a high temperature. 

With respect to Samples 3-5 and 3-7 In Table 5. the average coefficient of thermal expanston was meaa- 
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ured between QOO^'C and 1 .OOO^C by using a diatometer during when the sample was being heated and during 
when the sample was being cooled. As a result, the coefficient of thermal expansion of Sample 3-5 changed 
by about 4% between 900<'C and I.OOCTC. The coefficient of thermal expansion of Sample 3-7 changed by 
not more than 1%. 

5 

(Experiment 7) 

As starting materials. LajO). Mns04. and CaCOj. powers were used. In each sample, given amounts of 
starting materials were measured according to a compounding redpe given in Table 11. and mixed together. 

10 The resulting mixed powder waa molded under a pressure of 1 tf/cm^ by odd isostatic pressing, thereby pro- 
ducing a rnoldlng. The molding waa heated at 1.400<t: for 10 hours in air, thereby aynthesizing lanthanum man- 
ganlte having a composition given In Table 10. 

The synthesized product was milled in a ball mill, thereby preparing lanthanum mangantte powder having 
the average particle diameter of about 3 lun to about 6 iim. Then, polyvinyl alcohol waa dispersed as a binder 

15 into the lanthanum manganite powder, which was molded into a rectangular plate by unlaxiaily presalng. The 
resulting nrx>lding was fired at 1.250X to I.OOO'C for 5 hours in air. thereby obtaining a sintered body. A rec- 
tangular rod having the size: a longitudinal side of 3 mm. a lateral side of 4 mm and a length of 40 mm was 
cut off from the sintered body. Thus. Samples 3-8 through 3-11 in Table 10 were prepared. 

With respect to Samples 3-8 through 3-11 shown in Table 11 . the porosHy and the dimensbnal shrinkage 

20 rate were nDeasured in the same manner as in ExperliDent 6. except that the number of heat cycles was 11. 
Measurement results are shown in Table 11. With respect to Samples 3-5. 3-6 and 3-7 shown In Table 10, the 
composition, the porosity, and the dimensional ahrinkage rate ars given again In Table 11. 



Table 11 



Sample No. 


Composition 


Porosity (%) 


Dimensional shrinkage rate <%/10 cycles) 


3-8 


LacTTcCaoiTBMnOj 


37.5 


0.03 


3-9 


LaaeTBCao^MnOa 


24.9 


0.00 


3-10 


LaoasCaojsMnO, 


34.0 


0.01 


3-11 


Lao^Cao^MnOs 


5.1 


0.00 


3-5 


LaojCao^MnOs 


28.5 


0.29 


3-6 


LacTsCao^MnOs 


21.3 


0.10 


3-7 


LaayCao^MnQ, 


40.9 


0.00 



Sample 3-6 In Table 11 in which the substituting anxxjnt of calcium is 20% gives the dimensk^nal shrinkage 
rate per one heat cyde being as much as 0.029%. in Sample 3-6. the substituting amount of cateium 1825%. 
but the above dimenskmal shrinkage rate is 0.01%. When the substituting amouritof cakiium is 27.5% (Sample 
3-6). the dimensional shrinkage rate is 0.003% per one heat cyde. When the substituting amount of calcium 
is 30%. 32.5%. 35% or 40%. almost no dimensk>nal shrinkage is observed. 

Therefore, in order to suppress the dimensional shrinkage rate in the heat cyding. the substituting amount 
of caldum is set at preferably not less than 27.5%, more preferably not less than 30%. However, if the substi- 
tuting amount of caldum was 40% (Sample S-11 as Comparative Example), the sample was very likely to be 
sintered, so that the porosity decreased even when the sample was f iiBd at the same temperature as in the 
other samples. This means that Sample 3-11 has low heat stability, and is unsuitable as a nmterial for an air 
electrode in an SOFC which is operated in a high temperature environment at 1,000**C. 

(Experiments) - . - ... . _ 

With respect to Samples 3-5. 3-6. 3-7, 3-8 and 3-9 shown in Table 10. the coeff k:ient of thermsd expansion 
over 40^C to 1,000^ was measured. 
Measurement results are shown in TaUe 12. 
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Tabto 12 



Samolfi No 


Composition 


\^u«iiicioni m inoriTwi ojipBn«iDn \Xiir^i\/ 


3-5 


LaojCaoiMnO, 


10.0 


S-6 




2sMn03 


11.2 


S-8 


Lao.r»Ca 




11.3 


3-7 


Lao.7CaojMn03 


11.4 








3-9 


i-aoj67BCao^n03 


11.5 



As is seen from Table 12, there is a tendency that as the substituting anwunt of calcium is increased, the 
coefficient of thermal expansion of the porous sintered body incrsases. At rmsent, zirconia Is considered prom- 
ising as a solid electrolyte material of the SOFC. and t he coefficient of thermal expansion of zirconia is anxjnd 
10.5 X 10-«/K. Therefore, in order to match the thermal expansion between the solid electrotyte and the air 
electrode of the SOFC. it is better to suppress the substituting amount of calcium, and the substituting amount 
is particularly preferaUy 25% to 30%. 

(Experiment 9) 

As starting materials, LaaOa. Mn304, and SrCOs, powers were used. In each sample, given amounts of 
starting nnateriais-were measured according to a compounding recipe given in Table 13, and mixed together. 
The resulting mUed powder was molded under a pressure of 1 tf/cm^ by cold Isostatic pressing, theretiy pro- 
ducing a molding. The molding was thermally treated at 1,550<*C for 12 hours in air. thereby synthesizing lan- 
thanum manganite having a composition given In Table 12. 

The synthesized product was milled in a ball mill, thereby preparing lanthanum nrtanganite powder having 
the average partide diameter of about 4 ^m to about 6 ^m. Then, polyvinyl alcohol was dispersed as a binder 
Into the lanthanum manganite powder, which was molded into a rectangular plate by uniaxially pressing. The 
resulting molding was fired at 1.400<*C to I.eoo^'C for 5 hours In air, theret»y obtaining a aintered body. A rec- 
tangular rod having the size: a longitudinal side of 3 mm, a lateral eide of 4 mm and a length of 40 mm was 
cut off as an experimental sample from the sintered body. 

With respect to each sample shown in Table 12, the porosity and the dimensional shrinkage rate were 
measured in the same manner as in Experiment 8. except thatthe numt)er of heat cycles was 10. Measurement 
results are shown in Table 12. Fig. 5 shows the relationship between the substituting amount (%) of strontium 
at the A-sites and the dimensional shrinkage rate (%) per one heat cyde. 



Table 13 



Sample No. 


Composition 


Porosity (%) 


Dimensional shrinkage rate (%/10 cydes) 


3-12 


Laa6SroL2Mn03 


39.9 


0.10 


3-13 


l^TsSrotfMnQs 


37.5 


0.02 


3-14 


LaaTSrojMnOa 


38.9 


0.00 


3-15 


LaoL6sSra35MnQ3 


32.1 


0.01 



As Is seen from the above results, when the substituting amount of strontium Is not less than 20%. the 

dimensional shrinkage rate of the porous sintered body is not num than 0.01% per one heat cyde. In particular, 
_the.above.dimensionalshrtnkage.rateJs.sfnallJnJhe.caseJhatihe.atK)ve_substituting3^ is 
25% to 35%. 

^When-the^ubstituting amount of strontium 4s^7.5%4o-32.^%r4he above d*^^ shrinkage rate is 

almost 0%. Further, in order to match the thermal expansion between the zirconia sdid electrolyte and the 
air electrode of the SOFC. it is better to suppress the substituting amount of strontium to preferably not move 
than 35%, more p.referat)jy not more thafiJ!Q%^_ „ 

As mentk>ned above, according to the third aspect of the present invention, the dimenslonally shrinkage 
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amount of the porous sintered body tn the heat cyding can be suppressed by setting the doping amount of 
caldum or strontium at the A-sltes to a given level. 

IV. Next, the fourth aspect of the present Invention will be explained In more detail with reference to Exam- 
5 pies and Comparative Examples. 

(Experiment 10) 

As starting materials. LajO,. Mn,04. CaCO, and SrCO, powers were used, tn each sample. gWen anrKMinta 
10 of starting materials were measured according to a compounding recipe given in Table 13. and ntlxed together. 
A sintered body was obtained from the resulting mixed powder in the same manner as In Experiment 6, and a 
rectangular rod having the size: a longltudinai side of 3 mm. a lateral side of 4 mm and a length of 40 mm was 
cut off as an experimental sample from the sintered body. However, in Experiment 10, the average partlde 
diameter of the lanthanum manganite powder obtained by the ball mHl was about 5 Mfn, and the sintering terrv 
18 perature was 1 ,500"C. 

(Measurement) 

The porosity of each sample was measured by the water-replacing method. The content of a fine element 
20 was nneasured by an emission spectropic analysis process (ICP). Next, each sample was heated up to 600H: 
in air at a heating rate of 200''C/hr, which was then subjected to heat cyde in air at 10 tbras at heating/cooling 
rate of 200<*C/hr between OOO^C and 1 ,000*C and finally cooled to room temperature. At that time, the sample 
w a s kept constant at each of 600^ and 1.000^ for 30 minutes In each heat cyde. Thereafter, the dime nsion 
<^ the sample was measured by using a micrometer, and the dimensional shrinkage rate between befbro and 
25 after the heat cyding was calculated. Resutta are shown in Table 14. 



Table 14 



Sample No. 


Compoaltkm 


Content (ppm) of fine element 


Poro8ity(%) 


DimenskMiai 
shrinkage rata 
(%/10cyde8) 


Fe 


SI 


4-1 


Laoj>Sro.,MnQ, 


137 


78 


40.0 


0.35 


4-2 


Lao^rojMnOs 


37 


168 


36.1 


0.09 


4-3 


Lao^Cao^MnOs 


45 


97 


34.9 


0.23 


4-4 


Lao.8CaoL2Mn03 


13 


144 


39.0 


0.07 


4-5 


Lao^Ca<L2Mn03 


35 


1020 


19.5 


0.09 


4-6 


Lao^Caa2Mn03 


22 


950 


20.1 


0.09 



In Samples 4-2, 4-4. 4-5 and 4-6, the content of iron is not more than 40 ppm, and the content of elkaon 
is not less than 100 ppm. In these cases, the average dimensk>nal shrinkage rate in heat cyde at 10 times in 
the Initial stage after the firing is not more than 0.01 % per one heat cyde. This average dimensbnai shrinkage 
rate is 0.035% for Sample 4-1 and 0.023% for Sample 4-3. 

Further, the dimensk>nal change was measured by using a dOatometer with respect to Sample 4-1 in Table 
13 by heating the sample from room temperature to 1,000*C and then cooling it to room temperature. Aa a 
result, it was found out that the dimensional shrunk phenomenon occurs in a temperature range of 900^ to 
..fiOO^C-during cooling. Therefore, it is presumed that absorptk)n of oxygen and transfer of metal atoms occur 
in this temperature range. Furthermore, the results in the heat cyding over 600**C to 1,000*<^ aa the experi- 
mental-conditions in this experiment are the same as those over room temperature to 1,000**C. 

Moreover, Sample 4-1 was kept at I.OOO^C for 10 hours, and coded to room temperature. Then, the dh 
mensional change rate between before and after the heating was measured, whtoh exhibited 0.03% shrirtoge. 
On the other hand, it is seen from Table 13 that the dimenstonal shrinkage rate in the heat cyding at 10 times 
after the firing was 0.035% per one heat cyde. Therefore, the 0.03% shrinkage substantially oorresponda to 
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the dbiwnsionally s^vunk amount per one cyde. From this result. It can be eatd that the dlmenelona) shrinkage 
of 0.03% occurred rK>t during when the sample was held at 1.000X for 10 hours but during when the sample 
was cooled from 1,000*C to room temperature. In other words, the shrinkage phenonwnon that the porous 
sintered body is shrunk in the heat cycling occurs through a mechanism quite different from that by which the 
5 sintering progresses when the porous sintered body Is held at a high temperature. 

As menttoned above, according to the fourth aspect of the present invention, the dinrtensional shrinkage 
of the porous sintered body in the heat cycling can be substantially suppressed by controlling the content of 
. iron in lanthanum manganite constituting the porous sintered body to not more than 40 ppm or by controlling 
the content of sUloon in the lanthanum manganite to not less than 100 ppm. 



Clalma 

1. A porous sintered body composed of lanthanum manganite in which a part of lanthanum atoms at A-sites 
15 are substituted by atoms of a metal selected from the group consisting of alkaline earth metals and rare 

earth metals, wherein a dinDensional shrinkage of the sintered body caused by heat cyclings between 
room temperature and 1.000X la not more than 0.01% per one heat cyde. 

2. The porous sintered body set forth In aaim 1. wherein a value obtained by dhfMing a weight of the porous 
20 Sintered body at 1,000<^ by that at room temperature ia not leas than 0.9988 but not nKire than 1.000. 

3. The porous sinterad body set forth In Qalm 1 or 2, wherein a difference In an activating energy of an elec- 
tric conductivity between in a range of 200^*0 to 600**C and in a range of MQfK: to 1,000"^ is not mors 
than 0.01 eV. 

25 

4. The porous sintered body set forth In daim 1, 2 or 3. wherein a part of manganese atoms at B-sites of 
lanthanum manganite are substituted by atoms of at least one metal selected from the group consisting 
of aluminum, cot>a!t, magnesium and nickel. 

5. The porous sintered body set fort h in Claim 4. wherein a aubatituting amount of the B-sltea of aaM at least 
^ one metal selected firom the group consisting of aluminum, cobalt, magnesium and nickel ia not less than 

0.2 % but not more than 20% of the B-aHes. 

6. The porous sintered body set forth in daim 1 , 2 or 3. wherein a part of lanthanum atones at A-sites of the 
lanthanum manganite are substituted by caldum and a substituting amount of calcium ia not less than 

35 25% but not mors than 35 % of the A-sites. 

7. The porous sintered body set forth In Claim 6, wherein a change in ooeff ident of thermal expanskMi be- 
tween during heating and during coding in a range of 900 to 1.000**C is not nrKm than 2%. 

40 8. A porous sintered body set forth m Oaim 1 , 2 or 3, wherein a part of lanthanum atoms at A-sites of the 
lanthanum manganite are substituted by strontium and a substituting amount of strontium is not leas than 
20 % but not more than 40% of the A-sites. 

9. The porous sintered body set forth In Claim 1, wherein a content of iron in the lanthanum manganite is 
^ not more than 40 ppm. 

10. The porous sintered body set fbrth in Claim 9. wherein the content of iron in the lanthanum manganite ia 
not less than 10 ppnt 

11. The porous sintered body set forth in Oaim 1 . 2 or 3. wherein a content of sUioon In the lanthanum maiv 
^ ganite is not less than 100 ppm. 

12. The porous sintered body set forth in Qaim 11, wherein the content of silicon in theTanthanum manganite 

, _ts_not nriocft_than_5,!0OO ppm._. 

55 13. The porous sintered body set forth in Oaim 1 , 4. 5. 9 or 11 . wherein sakl metal substituting a part of the 
lanthanum atoms at the A-sites is selected from the group consisting of ^dum and strontium. 

14 The porous sintered body set forth m aaim 11, 12 or 13, wherein a content of iron in the lanthanum man- 
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ganlte Is not more than 40 ppm and not lass than 10 ppm. 

15. The porous sintered body set forth In aabn 1. 4. 6. 6. 9 or 11 . which has a porosity of not less than 5% 
but not more than 40%. 

16. A solid oxkJe fuel cell comprising an air electrode is made of the porous sintered body set forth in Claim 
1,4, 8, 9 or 11. 

17. The solid oxide fuel cell set forth in Claim 16. wherein said air electrode also serves as a support k>ody. 

18. The solid oxide fuel cell set forth in Qaim 17, wherein said air electrode has a cylindrical shape. 
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FIG. 4 
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FIG. 5 
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@ Porous lanthanum manganlle sintered bodies and solid oxide fuel 

@ A porous sintered l>ody is composed mainly 
of lanthanum manganite in whicii a part of 
lanthanum atoms at A-sHes of the lanthanum 
manganite are sut>stituted by atoms of a metal 
selected from ttie group consisting of alkaline 
earth metals and rare earth mrtaJs. 
The dimensk>nal shrinkage amount of the por- 
ous sintered body in heat cycling between room 
temperature and 1,00(rc is not more than 0.01% 
per one heat cyde. 
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